Background. Randomized trials have shown that patient decision aids can modify users' preferred healthcare options, but research has yet to identify the attributes embedded in these tools that cause preferences to shift. Objectives. The aim of this study was to investigate people's preferences as they used decision aids for 5 health decisions and, for each of the following: 1) determine if using the interactive Option Grid led to a pre-post shift in preferences; 2) determine which frequently asked questions (FAQs) led to preference shifts; 3) determine the FAQs that were rated as the most important as users compared options. Methods. Interactive Option Grid decision aids enable users to view attributes of available treatment or screening options, rate their importance, and specify their preferred options before and after decision aid use. The McNemar-Bowker paired test was used to compare stated pre-post preferences. Multinomial logistic regressions were conducted to investigate possible associations between covariates and preference shifts. Results. Overall, 626 users completed the 5 most-used tools: 1) Amniocentesis test: yes or no? (n = 73); 2) Angina: treatment options (n = 88); 3) Breast cancer: surgical options (n = 265); 4) Prostate Specific Antigen (PSA) test: yes or no? (n = 82); 5) Statins for heart disease risk: yes or no? (n = 118). The breast cancer, PSA, and statins Option Grid decision aids generated significant preference shifts. Generally, users shifted their preference when presented with the description of the available treatment options, and the risk associated with each option. Conclusion. The use of decision aids for some, but not all health decisions, was accompanied by a shift in user preferences. Users typically valued information associated with risks, and chose more risk averse options after completing the interactive tool. Patient decision aids that help inform patients about reasonable healthcare options have been shown to increase patient knowledge and to modify their preferences.
is key for decision making, assuming some pre-existing opinions. Others suggest that individuals construct preferences as they gain greater understanding of the options available. For the purpose of this study, we will use the term ''preference construction'' when other researchers might use the term ''value clarification''.
Preference construction, according to Witteman et al., 3 is a process for understanding what matters most to the person making the healthcare decision, as a prelude to determining a preference. Decision aids can potentially help people formulate a preference for a particular treatment option. 1 The 2014 Cochrane review details the outcomes of decision aid use. Decision aids increase patient knowledge, reduce decisional conflict, improve risk perceptions, and aim to help patients make decisions that align with their preferences. 1 The primary studies included in the review, however, do not report the attributes embedded in decision aids that shift user preferences. 1 We searched for studies that explored which factors might contribute to preference shift, and those that compared preferences before and after using a decision aid. 2 We did not find any research that indicated the type of information embedded in decision aids that was associated with users shifting their preference. One randomized controlled trial demonstrated that a decision aid for early-stage prostate cancer changed final treatment preference by getting patients to focus on attributes they considered important; however, the researchers did not analyze the information elements that induced the change. 4 Researchers have yet to determine the potential effect that information provision has on preference. 2 For a chosen topic, the interactive Option Grid presents users with 2 or more options and provides brief evidence-based information, anticipating that users will compare the alternatives and reflect on which option aligns best with their preference. The tool provides users with the opportunity to assess which questions are most important to them as they compare options. The interactive Option Grid decision aid also asks users to declare their preference leanings, and therefore can identify information elements that may be linked to preference shifts.
The aim of this study was to 1) determine if using the interactive Option Grid led to a pre-post shift in preferences; 2) determine which frequently asked questions (FAQs) led to preference shifts; and 3) determine the FAQs that were rated as the most important as users compared options.
Methods

Design
We conducted a cross-sectional analysis of data derived from the use of interactive Option Grid tools to determine whether users shifted their preferences. Data were collected as users completed an interactive process. The Option Grid website at the time of the study hosted a total of 40 interactive patient decision aids. Ethical approval for the study was received from the Dartmouth College Committee for the Protection of Human Subjects (STUDY00029501).
Participants
Data from users of the interactive Option Grid decision aids between June 1, 2015 and December 30, 2016 were eligible for inclusion. User-data was excluded if the user closed the application before completing an entire interactive decision-aid process. We can infer from data collection that many users who created an account on the Option Grid website used a joint email account with their spouse or partner, and for this reason, we decided not to exclude male users who used the interactive breast cancer or amniocentesis tools. Likewise, we did not exclude female users who used the PSA interactive Option Grid.
Intervention
Option Grid decision aids are organized in a tabular format, and ''describe the attributes of alternative treatment options.'' 5 The rows of the Option Grid are made up of questions that patients frequently ask (FAQs). 5 The selection of FAQs is based on both literature reviews and consultations with patients and clinicians. 6 This ensures that the questions included focus on the issues that patients deem important when considering a preferencesensitive decision. 7, 8 The columns are defined by what is considered to be reasonable options for the topic. The content of the tool consists of the relevant answers to the FAQs. 8 Answers to the FAQs are based on a synthesis of the relevant research evidence. 8 The interactive tool is intended for independent use, and information embedded in the tool could potentially be used to facilitate a collaborative discussion between a healthcare professional and their patient during a clinical encounter. 6, 7 The Option Grid tools are available on a website and users search for and use the tools independently of any invitation. Study authors did not promote the tool to potential users, so we cannot account for how or why users arrived at the website and chose to use the tools.
At the time of this study, users were asked to create an account on the Option Grid website before they could access the tool relevant to their interest. Users were offered a choice between a pdf version of the tool or an interactive version of the Option Grid. If users selected the interactive version, they had the option of providing their age, gender, and ethnicity from a drop-down menu. Users were then asked: ''Do you already have a preferred option in mind?'' and had to click the option they were ''leaning toward'' before proceeding to the next step. The user was then shown a series of FAQs (see Figure 1 as an example). FAQs are always presented to the user in the same order. Answers to each FAQ provided information and outcome probabilities, if available, about each option. The total number of FAQs presented varied for each Option Grid (from 5 to 9). Before proceeding to the next question, users were required to indicate which option they currently preferred, based on the information presented. They were also asked to score how important they felt the question was on a scale of 0 (not important at all) to 5 (extremely important). Therefore, after each question, data was obtained about the user's preference and their judgment about the importance of each question.
Once all FAQs had been viewed and responses given, the user completed a ''self-check'' step, where they were asked 5 knowledge questions to determine their level of understanding of the content presented (see Appendix for an example of the ''self-check'' step). At that point, users were presented with a summary of the choices they had made for each question.
Data Collection and Analysis
Responses to questions were stored in a database and exported for analysis. We selected the top 5 most-used Option Grid decision aids. The dataset variables included: age, gender, ethnicity (users could select 3 options: Hispanic, not Hispanic, not identified), the option the user preferred before and after using the tool, the importance rating for each question, and the knowledge scores.
The McNemar-Bowker paired test was used to identify a preference shift before and after the use of the tool. This paired test was used because the ''Preference Shift'' variable had 3 or more categories (option 1, option 2 [some Option Grids present a third option], and the ''not sure'' category).
To identify the FAQs associated with preference shift, we conducted 5 multinomial regression analyses (1 for each of the 5 interactive Option Grid decision aids). For each regression model, we created a new, dependent variable with 4 categories: 0, uncertain to stated preference; 1, stated preference to uncertain, 2, stated preference retained; 3, uncertain retained; 4, preference shift. The reference category was the ''Preference Retained'' category. The FAQs represented nominal, independent variables and were inserted as factors in the model. Because multiple treatment options were compared for each FAQ, we decided that FAQs with a P value of 0.01 or less would be considered statistically significant in terms of shifting user preference.
Results
From a possible set of 40 Option Grid decision aids, the 5 most-used tools included for analysis were: 1) Amniocentesis test: yes or no? (n = 73); 2) Angina: treatment options (n = 88); 3) Breast cancer: surgical options (n = 265); 4) Prostate Specific Antigen (PSA) test: yes or no? (n = 82); 5) Statins for heart disease risk: yes or no? (n = 118).
Participant Sample
Overall, 929 participants accessed these 5 Option Grid decision aids. However, only 67.4% (n = 626) successfully completed the tool (attrition rate: 32.6%). Over half of the users self-identified as female (58.5%). Nearly half of the sample (46.6%) chose not to reveal their ethnicity and 5.9% (n = 37) self-identified as Hispanic. Users were aged between 21 and 78 y; however, 19.5% of users in this study chose not to identify their age. Table 1 summarizes the user characteristics.
Preference Shift
A significant shift in preference after using the tool occurred in 3 of the 5 Option Grid decision aids, namely for ''Breast cancer: surgical options'' (P 0.001), ''Prostate Specific Antigen (PSA) test'' (P = 0.011) and ''Statins for heart disease risk'' (P 0.001). There was no significant preference shift in the ''Angina: treatment options'' decision aid (P = 0.200) or the ''Amniocentesis test: yes or no?'' decision aid (P = 0.350). shows the preference shift before and after using each interactive Option Grid decision aid.
Users of the breast cancer interactive Option Grid generally shifted their preference toward the mastectomy treatment option (see Figure 3 ). Preference shift was significant (P 0.001) for participants (n = 265) using this tool. Thirty-nine users began using the interactive decision aid feeling uncertain of their preference and shifted to the mastectomy option, whereas 31 users retained their uncertainty about which available treatment option best aligns with their values. Eighteen users shifted their preference from lumpectomy to ''not sure,'' and 13 users shifted their preference from lumpectomy with radiotherapy to mastectomy. Not a single user of the breast cancer interactive Option Grid shifted their preference from mastectomy to lumpectomy with radiotherapy. Fiftythree users retained their mastectomy preference.
Users of the PSA interactive Option Grid tended to shift their preference to a more conservative stance, away from having the PSA test. A significant preference shift (P = 0.011) was detected for users (n = 82) of this tool, even though 18 users did not shift their pre-and postpreferences of not undergoing the PSA test. Fourteen users initially preferred a PSA test but changed their preference to ''not sure'' after completing the interactive Option Grid (see Figure 3 ). Twelve users began the interactive decision aid feeling uncertain about the best treatment option for them, but shifted their preference to ''not having a PSA test'' after using the tool. Twelve users remained unsure after completing the PSA Option Grid decision aid.
Users of the statin Option Grid (n = 118) tended to shift their preference toward increasing levels of physical activity to lower cholesterol (see Figure 3 ). Preference shift was significant (P 0.001). Overall, 23 users who initially preferred the Mediterranean diet shifted their preference to ''be physically active several times a week.'' Further, 18 users were initially uncertain of their cholesterol treatment preference but shifted their preference to ''be physically active several times a week.'' Six users were uncertain of their preference pre-and-post Option Grid use.
There was no significant preference shift (P = 0.200) for participants using the angina interactive Option Grid (n = 88), despite a slight shift toward medical management. Sixteen users went from being unsure of their treatment preference to preferring medical management after using the Option Grid. Twelve users retained their ''medical management'' preference, and 11 users retained the ''not sure'' option. Of those who initially preferred stenting (angioplasty), 10 users retained that preference, whereas 11 shifted to being unsure of their preferred treatment option. See Figure 3 .
For the amniocentesis Option Grid (n = 73), the preference shift was not significant (P = 0.350). Users tended to retain their preference for not having amniocentesis (n = 16). Twelve users went from feeling unsure at the start of the tool to preferring not to undergo amniocentesis, and 12 users retained their ''not sure'' preference after using the amniocentesis Option Grid.
Only one user shifted their preference from not having amniocentesis to having the test. For further details, see Figure 3 .
Attributes Associated with Preference Shift
In the 3 interactive Option Grid decision aids where we saw significant preference shift, a regression analysis revealed the key FAQs embedded in each tool that were associated with these preference shifts. For users of the interactive breast cancer Option Grid, 4 FAQs were associated with preference shift: FAQ 1 ''What is removed?'' (P \ 0.01); FAQ 6 ''Will I need radiotherapy?'' (P \ 0.01); FAQ 7 ''Will I need to have my lymph glands removed?'' (P \ 0.01); and FAQ 8 ''Will I need chemotherapy? (P \ 0.01). Most users (57.3%) preferred the lumpectomy with radiotherapy treatment option for the first FAQ (only the cancer lump and some surrounding tissue is removed). FAQ 6 proved to be an important juncture for users, which led to a significant preference shift toward mastectomy treatment. Answers to this question informed users that opting for the lumpectomy treatment option would require radiotherapy for up to 6 weeks after surgery, whereas radiotherapy is not usually given after mastectomy. Preference shift toward mastectomy was pronounced after FAQ 7, which revealed that some or all of the lymph glands in the armpit are usually removed regardless of which treatment option is chosen. FAQ 8 solidified the preference shift to mastectomy, with over 70% of users preferring the information that they may or may not be offered chemotherapy. See Table 2 for details.
The answers to 3 FAQs embedded in the interactive PSA Option Grid were associated with preference shift: Figure 3 Initial and final Option preference showing shifts over time. problem, such as infection) associated with prostate biopsy. See Table 2 for details. For users of the interactive Statins for Heart Disease Risk Option Grid, 2 FAQs were associated with preference shift: FAQ 3 ''How much will this option reduce my chance of getting other health problems?'' (P \ 0.01); and FAQ 5 ''How long will I have to keep this up?'' (P \ 0.01). For answers to the first FAQ, users were not swayed when presented with information regarding what the treatment involves. The pattern remained consistent for the second FAQ, which detailed the fact that all treatment options decreased the risk of stroke and heart attack: taking a statin would likely reduce the risk by 25% to 30%, being physically active several times a week can reduce the risk by up to 30%, and following a Mediterranean diet reduced risk anywhere from 5% to 20%. Answers to FAQ 3 proved to be decisive, as they informed users that opting for ''being physically active several times a week'' does not mean a high-intensity exercise regimen, and can help keep weight down, improve mood, and prevent diabetes and Alzheimer's disease. This information shifted preference toward being physically active and away from the ''starting a statin'' option which indicated that statins reduce the risk of health issues caused by blocked arteries in the heart, brain, and legs. Answers to FAQ 5 (the last FAQ in the statins interactive Option Grid) also significantly shifted user preference toward ''being physically active several times a week'' and away from the other 2 options. The information associated with the ''start a statin'' option was not appealing to users (28% of users preferred this option) because it indicated that the patient may have to take medication for the rest of their life. Also, the same information was associated with the diet and exercise options, which indicated that better results would be gained from a longer duration on the Mediterranean diet or being physically active several times a week. Despite presenting the same information for both options, users selected the ''physically active'' option. See Table 2 for details.
Importance Ratings
Most users (71%) of the interactive breast cancer tool valued the answers to FAQ 2 ''Which surgery is best for long-term survival?'' as extremely important. For the interactive PSA Option Grid, most users (62.2%) valued the answers contained in FAQ 3 ''If my PSA level is high, what are the chances that I have prostate cancer?'' with a 4 of 5 rating (this FAQ was also significantly associated with preference shift). About half of the users (55.1%) of the interactive statins Option Grid most valued FAQ 2 ''How much will this option reduce my risk of having a heart attack or stroke?'' Interactive amniocentesis Option Grid users most valued the answers to FAQ 4 ''If a problem is found, what does it mean for us? -with 54.8% rating it as extremely important.'' Users of the interactive angina Option Grid most valued FAQ 2 ''What are the risks of the treatment?''; this was valued as extremely important by 37.5% of users. Based on these results, users identified risk information as being extremely important in their decision making process. The risk of prostate cancer with a high PSA level, the risk of angina treatment, and the risk associated with statin use, are all examples that indicate the desire for patients to better understand the risks associated with each treatment or screening option.
User Knowledge Scores
Most users (92.5%; n = 579) who completed an interactive Option Grid achieved a perfect knowledge score. Only 31 users (4.95%) made an error and received a 4 out of 5 score; 13 users (2.1%) achieved 2 out of 5, and 3 users (0.5%) answered all knowledge questions incorrectly. Based on these results, we can infer that users understood the content within the Option Grid decision aids.
Discussion
The use of interactive Option Grid decision aids for some, but not all health decisions, was accompanied by a shift in user preferences. Users typically became more uncertain or more risk averse after reviewing answers to some FAQs, and completing the interactive tool. Several elements within the interactive breast cancer Option Grid were associated with a preference shift: 1) information about the area of tissue that will be removed with lumpectomy and mastectomy treatment options, 2) the possibility of radiotherapy, 3) the requirement for lymph gland removal, and 4) the need for chemotherapy. For the PSA Option Grid, information regarding what the test involves, the significance of an elevated PSA level, and the risks associated with biopsy were associated with a preference shift. Users of the interactive statins Option Grid significantly shifted their preferences after viewing information regarding the degree to which the treatment option would reduce the risk of getting other health problems, and the length of time they would have to abide by the treatment regimen. Generally, users valued information associated with risks of the various treatment options or screening tests. Most users (.90%) achieved a perfect score on the knowledge test at the end of the interactive decision aid.
A strength of this study is that we could identify the FAQs that are most valued by users, and the answers to FAQs associated with preference shifts using the interactive Option Grid. From this, we could detect the type of information that leads to users shifting their preference for treatment options. The step-by-step design of the interactive Option Grid helps us better understand the nature of the information that influences a change in treatment preferences. This study has several important limitations. First, we recognize that a larger sample size would have strengthened the findings of our study. Second, we are unable to identify whether users of the interactive Option Grid were actual patients and the data provided by users is self-reported. Third, all users who proceed through an interactive decision aid encounter the same FAQs in the same order. Randomizing the FAQs for every user would enable us to be more confident in the significant associations between the questions and the preference shift. Finally, the dataset included many missing values because users often chose not to provide demographic information. This may be an important limitation when we consider, for example, the evidence of previous studies that have suggested that African-American men are more likely to want to undergo PSA testing.
9,10 Therefore, we are unable to propose a more detailed profile of indicators that might lead to shifts in preferences.
Interactive decision aids might help us understand the ''mechanism by which preference construction is achieved'' to help us identify the attributes in the tools that lead to preference shift. 11 Despite the existence of many preference construction techniques, few have been evaluated experimentally. 3, 12, 13 Our study begins to address this gap by investigating the information in interactive Option Grid decision aids that seem to be associated with preference shifts.
Preference construction is underpinned by various theories that aim to align the patient's values and treatment decisions. 11 Image theory, differentiation and consolidation theory, fuzzy-trace theory, and parallel constraint satisfaction theory all concur that preferences are constructed in stages. 11 Users initially have a mental representation that filters the information presented, and this can influence judgment, particularly if the user does not understand the content. 11 According to the differentiation and consolidation theory and the parallel constraint satisfaction theory, most users typically approach a tool with a predetermined preference. 11 The interactive Option Grid asks for this initial, predetermined preference and enables users to gradually integrate new information along the decision aid into their representation. For example, preference shift was induced when users of the PSA Option Grid viewed the FAQ related to the validity of the screening test, suggesting that users want to better understand the implications of a falsenegative test result. Also, the PSA screening test is perhaps less appealing for older men who would prefer ''active surveillance'' instead of having a blood test that can set off a chain of events leading to unnecessary treatment that will lower quality of life in the final years. Unlike users of the PSA Option Grid, users of the Breast Cancer Option Grid did not shift their preference to the more conservative option. Women using the breast cancer tool preferred mastectomy, perhaps because it decreases the likelihood of cancer recurrence while avoiding radiation. Margenthaler and Ollia 14 report that women with breast cancer opt for mastectomy predominantly for ''peace of mind,'' no longer having to deal with the potential for future false-positive mammograms and the psychosocial burden associated with screening. Ultimately, it is not just the information presented, but the user's risk profile and psychosocial situation that could have led them to shift their preference.
We can hypothesize, that the interactive Option Grid provides a framework for a decision-making process by allowing users to compare each option. According to Svenson and Jakobsson, 15 all competing options are always compared with the initial preference of the user. Therefore, if a shift does occur, we can detect where the shift occurred in the decision aid, and the answers to the FAQs that induced the shift. Asking for users' initial preferences, however, may have negative ramifications. 13 Initial preference can be related to ''irrelevant attributes'', predominantly because the user is not yet knowledgeable about the health issue. 11 A user identifying an initial preference may also alter ensuing interpretations of information to reinforce that early preference. 11 Determining the attributes in the interactive Option Grid that lead to preference shift may have various implications on decision aid content and design. Theoretical work, to date, has focused on the cognitive process of decision making and how individuals approach decisions. 16 Assessing the contribution of each FAQ allows us to identify the prominent questions or concerns for each health topic, which may lead to a change in how we frame the content of future decision aids. This implication is consistent with the systematic review by Syrowatka et al. 13 that recommends allowing users to control the content they view by selecting the order, level of detail, and type of information presented.
Although this study shows that some interactive Option Grid decision aids shift user preferences, we do not have data on enacted decisions, and therefore we cannot assume that users' final preference after using the tool matched the actual treatment decision, given that preferences, like attitudes, are unstable. Future studies should investigate the potential link between the decision aid users' preference shifts and the final decisions made.
The ''Breast cancer: surgical options'', ''Prostate Specific Antigen (PSA) test'' and ''Statins for heart disease risk'' interactive Option Grid decision aids shifted user preference. Interactive Option Grid decision aids enabled us to detect a preference shift at the time when users are presented with different pieces of information. Attributes associated with preference shift differ across different topics but, generally, users shifted their preference when presented with the description of the available treatment options, and the risk associated with each option. Users most valued the risk information embedded in the answers of the FAQs. These tools provide insight into the nature of the questions and the type of information that seem to influence treatment preference.
